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Background: Orthopedic injuries oc-
curring in Operations Iraqi Freedom and
Enduring Freedom (OIF/OEF) are compli-
cated by infections with multidrug resistant
bacteria. We describe demographics and
microbiology of OIF/OEF casualties with
primary and recurrent osteomyelitis.

Methods: A retrospective cohort
study was performed of OIF/OEF casual-
ties admitted to our facility from Febru-
ary 1, 2003 to August 31, 2006. Electronic
records were queried for demographic in-
formation, bacteria recovered, antibiotic
therapies and duration, site of osteomyeli-
tis, orthopedic devices, and outcomes.

Results: There were 110 patients with
139 hospitalizations for osteomyelitis; 94 in-

volved lower extremities, 43 involved upper
extremities, and 2 involved the axial skele-
ton. One hundred three admissions were
initial episodes whereas 36 admissions were
recurrences. The median age was 27 years;
95% were men. Duration of follow-up
ranged from 2 weeks to 36 months. Those
patients with orthopedic devices had recur-
rent infections more frequently (26 vs. 5%,
p < 0.01). Bacteria, antibiotics, or infection
site were not predictive of recurrence. Acin-
etobacter spp. (70 vs. 5%, p < 0.01), Kleb-
siella pneumoniae (18 vs. 5%, p � 0.04), and
Pseudomonas aeruginosa (24 vs. 5%, p <
0.01) were more likely to be recovered
during original episodes than during re-
currences. Gram-positive organisms were

more likely during recurrences; Staphylo-
coccus aureus (13 vs. 53%, p < 0.01);
methicillin susceptible S. aureus (5 vs.
22%, p < 0.01), methicillin resistant S.
aureus (8 vs. 31%, p < 0.01).

Conclusions: The microbiology of os-
teomyelitis in veterans of OIF/OEF differs
substantially depending upon whether the in-
fection is new or recurrent. Gram-negative
pathogens predominate early, being re-
placed with staphylococci after treatment,
despite nearly universal use of gram-
positive therapy.
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Orthopedic injuries constitute the majority of wounds
sustained by US soldiers in recent conflicts.1–4 Typi-
cally, these include a large percentage of fractures, the

majority of which are open, complex injuries prone to infec-
tion, and other complications.5,6 Further complicating therapy
is the likelihood of infection with resistant gram-negative
organisms as reported during Operations Iraqi Freedom and
Enduring Freedom (OIF/OEF).7–9

Given the paucity of active antimicrobial agents, the
complicated nature of the injuries, and the typical presence
of orthopedic devices, it is expected that a significant
number of these infections will fail therapy or recur after
initial improvement. Although recurrence of osteomyelitis
with the original pathogen is well described, recurrences

with a different organism, and without an obvious source
of reinfection, are less commonly reported.10 –12 Growing
evidence documents the widespread presence of Acineto-
bacter baumannii-calcoaceticus complex (Abc) in infec-
tions related to OIF/OEF, although the virulence of this
organism in a variety of clinical settings has been called
into question.7,13 A recent publication by Johnson et al.
documents the replacement of multidrug resistant gram-
negative rods (MDR-GNR) with staphylococci at the time
of recurrence of osteomyelitis of the tibia, but whether this
is true for other sites of infection is not known.14 It is also
unknown in the context of combat-related osteomyelitis
which risk factors predict relapse or recurrence, and
whether these MDR-GNR are directly responsible for re-
current osteomyelitis, or whether the microbiology
changes over time. The goal of this study was to describe
the demographics, microbiology, and outcomes of osteo-
myelitis occurring in wounded service members treated at
our facility, and to analyze the role of MDR-GNR in
recurrences.

METHODS
This study was a retrospective chart review of OIF/OEF

patients cared for at Brooke Army Medical Center, Fort Sam
Houston, TX, between February 2003 and August 2006, and
was approved by the institutional review board. Electronic
medical records were used to identify all patients who had
been redeployed from OIF/OEF with a diagnosis of osteo-
myelitis given on physician admission, discharge, or progress
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notes. Age, sex, theater of deployment, injury severity score
(ISS) at time of admission in the United States, intensive care
unit days, whether the episode of osteomyelitis was the first
admission or subsequent admission, admitting service, and
the date of admission were recorded. “Recurrence” was de-
fined as any subsequent admission during which a diagnosis
of osteomyelitis at the original site was given and treated,
regardless of whether the original episode was treated at this
facility, provided the patient’s original treatment course had
been completed.

Antibiotic exposure was captured by reviewing pharmacy
records and the number of antibiotic-days recorded for each
episode. The site of osteomyelitis and involved hardware were
recorded by manual review of physician notes and radiographic
reports. Outcomes, including amputation, survival to discharge
without loss of limb, and death were recorded, as well as the
site(s) of any amputations. All microbiology reports from each
admission were also reviewed, with positive cultures recorded
by site. Organisms were considered to be causative for that
episode of osteomyelitis if they were isolated from bone or deep
wound adjacent to bone.

Categorical data were compared by means of �2 analysis
and Fisher’s exact test. Durations of antimicrobial therapy
were compared directly by Spearman rank correlation and
also stratified into no therapy, �2 weeks, and �4 weeks of
therapy and compared by �2 analysis. Risk factors associated
with recurrent infection were evaluated using Spearman rank
correlation. A p value �0.05 was considered statistically
significant, and all reported p values were two-tailed. Statis-
tical analyses were performed using SPSS 15.0 for Windows
NT (SPSS, Inc, Chicago, IL).

RESULTS
During the study period there were 2,854 admissions

among OIF/OEF veterans, of which 664 were admitted to the
orthopedic service. There were a total of 103 initial admis-
sions with a diagnosis of osteomyelitis, among 101 individual
patients (Table 1). Duration of follow-up ranged from 2
weeks to 36 months (median, 16 months). Eighty-four (83%)
of these patients did not relapse or recur during the remainder
of the duration of the study, whereas 19 did (Fig. 1). There
were 36 hospitalizations for recurrent osteomyelitis among 28
individual patients; the original episodes for 9 of these recur-
rences had been diagnosed at another facility before their
arrival at our hospital. There were no significant differences
in median age, sex, theater of operation, site of osteomyelitis,
or overall use of orthopedic devices between initial episode of
osteomyelitis and episodes of recurrent osteomyelitis. Exter-
nal fixators were more commonly present during original
episodes, and internal fixations more common at the time of
recurrence. There was no difference in ISS between patients
who did and did not have recurrent infections (median for no
recurrence, 9 [range, 1–35] and recurrence, 9 [range, 3–43]).
There was also no difference in intensive care unit days
between patients with or without recurrences (median for no

recurrence, 0 [range, 0–130] and recurrence, 0 [range,
0–40]).

Bacteria associated with original episodes of osteomy-
elitis were also compared with recurrent episodes, with
recurrent episodes significantly different in terms of micro-
biology (Table 2). Overall, cultures of bone and deep wound
taken during original episodes were much more likely to
grow gram-negative rods (p � 0.01). In particular, Abc,
Klebsiella pneumoniae, and Pseudomonas aeruginosa each
were significantly more likely to be isolated during an orig-
inal episode than at recurrence (p � 0.01, 0.04, and �0.01,
respectively). In contrast, gram-positive cocci were signifi-
cantly more likely to be cultured during recurrences of os-
teomyelitis (p � 0.01). This was true for S. aureus in general,
methicillin susceptible S. aureus (MSSA), methicillin resis-
tant S. aureus (MRSA), and coagulase-negative staphylo-
cocci (p � 0.01 for each). Infections were also significantly
more likely to be polymicrobial (numerous pathogens recov-
ered during culture) during the original episode (p � 0.01).
The clinical courses for each of the 19 patients whose data for

Table 1 Patient Baseline Characteristics by Episode of
Osteomyelitis

Initial Episodes (%)
n � 103

Recurrent Episodes (%)
n � 36

Age (median) 27 24.5
Male 99 (96) 33 (92)
Combat theater (OIF) 102 (99) 34 (94)
Admitting team

Orthopedics* 77 (75) 35 (97)
General Surgery† 13 (13) 0
Burn ICU† 12 (12) 0
Other 1 (1) 1 (3)

Site of osteomyelitis‡

Upper extremity 32 (31) 11 (31)
Hand 5 (5) 2 (6)
Forearm 11 (11) 4 (11)
Upper arm 20 (19) 6 (17)

Lower extremity 70 (68) 24 (67)
Foot 8 (8) 1 (3)
Tibia/fibula 45 (44) 13 (36)
Femur 23 (22) 9 (25)
Other lower

extremity
0 1 (3) ACL graft

Other 1 (1) (vertebral) 1 (3) (pelvis bone graft
donor site)

Orthopedic device§ 62 (60) 26 (72)
External fixation* 46 (45) 8 (22)
ORIF* 16 (15) 18 (50)

* p � 0.01.
† p � 0.02.
‡ Some subjects had concurrent forearm and upper arm osteomy-

elitis, or concurrent tibia/fibula and femur osteomyelitis; thus the sum of
individual sites may exceed totals for upper and lower extremities.

§ p � 0.07.
OIF indicates Operation Iraqi Freedom; ICU, intensive care unit;

ORIF, open reduction internal fixation; ACL, anterior cruciate ligament—
concomitant osteomyelitis was diagnosed but the specific bone in-
volvement not documented.
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both the original episode and recurrence was available are
reported in Table 3.

The documented duration of antimicrobial therapy with a
single agent ranged from 10 days to 150 days; 90% of
patients received greater than 4 weeks of therapy with any
given antibiotic, and 78% received greater than 6 weeks of
therapy. The antimicrobial agent or duration of therapy was
not significantly associated with likelihood of recurrent in-
fection, nor was the organism originally recovered from cul-
ture. Notably, all but one of the original episodes received
therapy that would have been expected to cover MSSA (in-
cluding antistaphylococcal and broad-spectrum penicillins,

cephalosporins, vancomycin, and carbapenems). In a subset
analysis, after removal of those originally infected with
methicillin-resistant staphylococci, 67% of those ultimately
recurring with MRSA (n � 6) received �2 weeks of vanco-
mycin up front, compared with 13% of those not recurring
with MRSA (n � 82, p � 0.01).

Outcomes of initial and subsequent hospitalizations for
osteomyelitis were not significantly different, although there
was a trend toward more amputations during original epi-
sodes of osteomyelitis (27 vs. 17%, p � 0.08). There were no
deaths in either group. Among those original episodes that
ultimately recurred or relapsed, the median time to first re-
lapse was 128 days (range, 30–387 days).

DISCUSSION
As the mortality rate of combat-related wounds has de-

creased during recent conflicts, large numbers of injured
service members have survived to sustain infectious compli-
cations of their wounds. Most of these infections have in-
volved MDR-GNR including Abc, which was first reported
in injured service members returning from Iraq and Afghan-
istan in 2003.8 Since that time, it has been the predominant
organism recovered in trauma-related infections in this de-
mographic, most of which have been wound infections.
Given the association of poor bone healing and delayed union
with underlying fracture in the setting of wound infection,15

many clinicians at our institution opt to treat these as osteo-
myelitis, and use longer courses of parenteral therapy.

Early on in our collective experience with these infections,
there was considerable concern about subsequent treatment fail-
ures and long-term outcomes in treating osteomyelitis and deep
seated wound infections in these patients, given the typical

Original hospitalizations at our facility 
(101 patients, 103 episodes) 

Recurrences  
(19 patients) 

No Recurrence 
(82 patients, 84 episodes) 

Total Recurrences 
(28 patients, 36 episodes) 

Recurrences 
(9 patients from outside facilities) 

One Recurrence 
(22 patients, 22 episodes) 

Two Recurrences 
(4 patients, 8 episodes) 

Three Recurrences 
(2 patients, 6 episodes) 

Fig. 1. Outcome of combat wounded US military personnel with osteomyelitis.

Table 2 Microbiology of Osteomyelitis

Initial Episode
n � 103 (%)

Recurrence
n � 36 (%)

Any gram-negative bacteria* 94 (91) 12 (33)
Acinetobacter

baumannii-calcoaceticus complex*
70 (70) 2 (6)

Klebsiella pneumoniae† 19 (18) 2 (6)
Pseudomonas aeruginosa* 25 (24) 2 (6)
Eschericia coli 5 (5) 1 (3)
Enterobacter spp. 18 (17) 7 (19)

Any gram-positive bacteria* 28 (27) 27 (75)
All Staphylococcus aureus* 13 (13) 19 (53)
Methicillin resistant Staphylococcus

aureus*
8 (8) 11 (31)

Methicillin susceptible Staphylococcus
aureus*

5 (5) 8 (22)

Coagulase negative staphylococci* 8 (8) 9 (25)
Enterococcus spp. 12 (12) 2 (6)

Polymicrobial (2 or more organisms)* 55 (53) 7 (19)

* p � 0.01.
† p � 0.04.
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necessity of retention of hardware and the presence of exten-
sively antibiotic resistant pathogens. These data provide some
reassurance that the majority (84 of 103 of our original episodes
reviewed) do not require readmission and further therapy for
osteomyelitis, although it is possible that some recurrences were
treated at other facilities or were not captured by our review
given the short follow-up of some casualties. More interesting is
the limited role that the majority of MDR-GNR seemingly have
among recurrences, being eclipsed by the emergence of staph-
ylococci, as has also been reported in the setting of combat-
associated tibia fractures.14 These data are useful for prognostic
purposes, especially when considering extension of a potentially
toxic parenteral regimen in the hope of preventing recurrent
osteomyelitis.

The remarkable occurrence of gram-positive bacteria re-
covered at recurrence of osteomyelitis and not the initial
gram-negative organisms begs the question whether gram-
positive bacteria were present initially at the time of injury or
associated with nosocomial transmission during hospital care.
Cultures taken from US service members at the time of initial
injury, and again within 72 hours thereafter, have revealed
predominantly staphylococci, and very few MDR-GNR in
wounds.16,17 Nosocomial transmission of Abc among injured
service members has been supported by recent molecular
data.18 It is possible that overgrowth of gram-negative organ-
isms at the time of debridement causes those gram-positives
to be missed. Studies evaluating whether detection of gram-
positive organisms improves with use of selective media are

Table 3 Characteristics of Hospital Courses for 19 Patients Cared for at One Institution Whose Medical Treatment
was Complicated by Recurrent Infections

Age Sex Site of
Osteomyelitis Original Organism(s) Original

Antibiotic(s)/ Total d*
Days Until
Recurrence

Device
Present

Organism(s) Present at
1st Recurrence

Subsequent
Recurrences?

35 M Tibia/fibula Abc P-T/42 129 No CNS, peptostrep Yes-MSSA
(no device)

24 M Humerus P. aeruginosa AG/14, Aztreonam/35 56 Beads CNS
23 M Forearm Abc CP/56, AG/56 128 ORIF MSSA
24 M Tibia/fibula Abc, Enterococcus

spp.
AG/42, P-T/48 387 Bone cage MSSA

39 F Tibia/fibula P. aeruginosa AG/35, 4th gen ceph/35 46 No CNS Yes-CNS (no
device)

27 M Femur Abc, K. pneumoniae,
P. aeruginosa

AG/42 128 ORIF Enterococcus spp.

21 M Tibia/fibula Abc, K. pneumoniae CP/42 58 No Enterobacter spp.
25 M Foot MSSA 1st gen ceph/42,

Rifampin/42
274 ORIF Group G

Streptococcus
spp.

28 M Tibia/fibula Abc, K. pneumoniae CP/56 193 ORIF Culture negative†

29 M Humerus K. pneumoniae CP/84, AG/84,
P-T28,Vanc/14

324 ORIF Culture negative†

40 M Forearm,
humerus

Abc, E. coli,
Enterobacter spp.

CP/42, Vanc/42 239 ORIF Enterobacter spp.

23 M Tibia/fibula‡,
femur

Abc CP/42 54 ORIF MSSA, CNS

23 M Femur Abc, Enterococcus
spp.

CP/45 62 ORIF MRSA

37 M Femur Abc, K. pneumoniae,
P. aeruginosa

CP/19, AG/28 4th gen
ceph/17, P-T/15,
Vanc 28

174 ORIF K. pneumoniae,
CNS

Yes-MRSA
(spacer)

21 M Humerus Enterobacter spp. CP/14, AG/17, FQ/52,
Vanc/22

142 ORIF Abc, Enterobacter
spp., MRSA

40 M Humerus Abc, MRSA AG/28, 4th gen ceph/28,
Vanc/28

30 No MRSA

23 M Humerus Abc, E. coli CP/17, AG/17, Vanc/17 373 ORIF MRSA
24 M Foot§ Abc, Aspergillus spp. CP/14, Vanc/28 124 ACL MRSA
26 M Tibia/fibula Abc, P. aeruginosa AG/21 103 No MRSA, Peptostrep,

Propionibacterium

* Only antibiotic courses �14 days included.
‡ Recurred at tibia.
§ Subsequent osteomyelitis was not at original site but related to anterior cruciate ligament reconstruction.
M indicates male; F, female; Abc, Acinetobacter baumannii-calcoaceticus complex; E. coli, Eschericia coli; P. aeruginosa, Pseudomonas

aeruginosa; CNS, coagulase negative staphylococci; peptostrep, Peptostreptococcus; MSSA, methicillin susceptible Staphylococcus aureus;
MRSA, methicillin resistant Staphylococcus aureus; K. pneumoniae, Klebsiella pneumoniae; ORIF, open reduction internal fixation; ACL, anterior
cruciate ligament; P-T, pipercillin-tazobactam; AG, aminoglycoside; CP, carbapenem; Vanc, vancomycin.
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planned. However, it is unlikely that staphylococci would
be missed by overgrowth of gram-negatives on multiple
cultures, and the majority of the individuals had multiple
procedures with deep wound cultures obtained for each. Ad-
ditionally, all but one of the casualties received antibiotics
that would be expected to cover MSSA during their original
treatment course, and the use of any antimicrobial agent
(including vancomycin) was not found to significantly con-
tribute to the likelihood of recurrence. In fact, casualties that
received more than 2 weeks of vancomycin at the time of
initial treatment, but did not have wound culture evidence of
a methicillin-resistant Staphylococcus spp. during their orig-
inal episode of osteomyelitis, were actually more likely to
recur with MRSA on subset analysis. The most plausible
explanation for this is that these patients were known to be
colonized with MRSA at sites other than their wound, and
thus were treated “prophylactically” with vancomycin. The
fact that these patients were more likely to recur with MRSA
despite use of vancomycin argues against this agent’s pro-
longed use as preventive therapy for patients colonized, but
not obviously infected with MRSA. These data taken together
suggest that the staphylococci responsible for relapse are
likely nosocomially introduced at some point after the orig-
inal injury into an open wound or during a surgical procedure,
either from the patient’s own preexisting skin flora or ac-
quired in the hospital.

With regard to risk factors for recurrence of osteomyeli-
tis, the only variable that was statistically significant was the
presence of an orthopedic device; foreign bodies in general
have been well established as risk factors for recurrence of
osteomyelitis. It is possible that other risk factors in this
population would have been identified, were the sample size
larger. Other risk factors that have been described in the civilian
population include vascular insufficiency, diabetes, P. aerugi-
nosa as a causative pathogen, and use of vancomycin instead of
a �-lactam antibiotic for gram-positive infections. Additionally,
in children with contiguous osteomyelitis after trauma, the pres-
ence of Staphylococcus aureus, antibiotic-resistant bacteria, fix-
ation of a long bone and compound fractures impact likelihood
of recurrence, as does adequacy of initial antimicrobials.11,19

Our data have several limitations. The diagnosis of os-
teomyelitis was captured by querying an electronic database
for the diagnosis given by a physician, and did not require
proof by histologic examination of bone; some cases un-
doubtedly involved an infected wound overlying fractured
bone, but without established infection in the bone. However,
given the clinical difficulties inherent in establishing an ab-
solute diagnosis of osteomyelitis, this likely strengthens the
applicability of these data to a clinical population. The num-
ber of original episodes captured that eventually relapsed was
small, and it is possible that for this reason statistically
significant risk factors for relapse were undetectable. We also
were unable to evaluate the number of surgical procedures
performed and the ISS for each patient, which may have con-
tributed to recurrence or relapse. Additionally, some of those

classified as “recurrences” were likely primary treatment fail-
ures. However, the long median duration of follow-up before
first relapse argues against this for the majority, and clinically
would represent a significant adverse outcome with similar pre-
dictors and risk factors.

In summary, there were significant differences in micro-
biology between original and subsequent admissions for os-
teomyelitis. Although MDR-GNR including Abc prevailed
early, these were largely eradicated by the original course of
therapy, despite such limitations as drug resistance and re-
tention of components. However, staphylococci, including
MRSA, emerged as causative organisms in more than half the
recurrences, likely representing reinfection. These data have
significance for future efforts into microbiologic diagnostics
and infection control, as well as empiric therapy of those
injured service members with recurrences of osteomyelitis.
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DISCUSSION
Dr. Joseph C. Wenke (US Army Institute of Surgical

Research, Fort Sam Houston, TX): The authors of this article
should be congratulated for their important and timely work.
This retrospective study gives us an excellent description of
the types of organisms found in orthopedic injuries at various
time points after injury. Dr. Murray found that initial episodes
were generally polymicrobial (55% of the time) and almost
exclusively involved gram-negative bacteria. The bacteria
identified at recurrence were remarkably different from those
detected initially and were primarily single gram-positive
organisms.

For the last 4 years, there has been much interest in
Acinetorbacter baumannii-calcoaceticus complex. This well-
publicized bacterium was once thought to be one of the
largest challenges of the war, but it has turned out to be little
more than a contaminant with minor clinical impact. This
new information will be used to develop and implement
strategies to prevent infection. Like the wound infections
found in combat-related orthopedic injuries, infections in
civilian patients are not generally caused by the organisms
that are identified in earlier wound cultures1,2 and S. aureus
is the dominant pathogen in established osteomyelitis.3

It is well established that the severity of the wound is a
predictor of the risk of infection.4,5 Type I open fractures
(fractures that have the least tissue damage) have infection
rates less than 2%. Whereas the infection rate for type III
open fractures (the most severe) have been reported to range
from 10% to 50%. Therapeutic local antibiotic delivery at the
time of first debridement may prevent many of these infec-
tions from occurring. The use of local delivery was not
mentioned in this article, but this information may not be
attainable and may necessitate a prospective study.

Because of the nature of battlefield wounds, fixation is
often required. Internal hardware is often necessary to pro-
vide the adequate stability but can lead to colonization of

bacteria. In this study, internal fixators more commonly had
recurrences than external fixators did. Hopefully, efforts to
implement antibiotic coated implants to prevent colonization
will lower the future incidence recurrences.6

Remarkably, all but one of the soldiers received an an-
tibiotic coverage (presumably systemic) for Staph, and this
did not prevent recurrence of osteomyelitis. In light of the
compromised wound environment that may have poor soft
tissue coverage and circulation, early use of local antibiotics
may be required to decrease the high recurrence rate and
should be advocated to treat contamination and prevent os-
teomyelitis; an antimicrobial that does not drive resistance
would be ideal.

Dr. Clinton K. Murray (US Army Institute of Surgical
Research, Fort Sam Houston, TX): We would like to thank
Dr. Wenke for his review and comments. The initial intent of
this review was to evaluate the impact of osteomyelitis on
combat casualties and to determine the bacteria causing primary
and recurrent infection. Given the concern of multidrug resistant
bacteria infecting wounds, it was paramount to determine the
long-term complication of these bacteria. We think this article
adequately addresses this issue. The retrospective nature of this
study clearly limits the ability to address all the associated risk
factors for recurrence and a prospective cohort study is needed.
We do agree that further evaluation should include a longer
follow up period, severity of fracture, and local delivery of
antimicrobial agents to determine their impact on outcome irre-
spective of bacterial pathogen.
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